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Use of Diagnostic Tests in Advanced Non--Small Cell Lung Cancer
===============================================================

Interpreting pathology reports as well as routine imaging studies is one of the many roles of the advanced practitioner (AP) in oncology. With recent advancements in the management of patients with non--small cell lung cancer (NSCLC)---in particular, the advent of molecular targeted agents and immunotherapy---an understanding of molecular pathology reports and testing for immunotherapy markers is important in the management of NSCLC. These tests are performed differently and reported differently, but the results can drastically change first-line management for patients. In addition, the toxicity profiles and response patterns that appear on diagnostic imaging may vary. It is essential for APs to have a working knowledge of how to order, analyze, and apply these diagnostic tests.

PATHOLOGY IN NSCLC
==================

**Case Study 1**

KB is a 31-year-old female current smoker who presents to the oncology clinic for the management of newly diagnosed metastatic NSCLC. Over the past 3 months, she has developed a persistent cough, which did not subside despite numerous treatments. A chest x-ray (CXR) revealed a left lower-lobe tumor. The tumor was biopsied via bronchoscopy and found to be a poorly differentiated carcinoma, which was strongly positive for cytokeratin 7 (CK7), carcinoembryonic antigen (CEA), and thyroid transcription factor-1 (TTF-1) but negative for CK20, estrogen receptor, and progesterone receptor.

The two most common histologic subtypes of NSCLC are adenocarcinoma and squamous cell carcinoma ([Figure 1](#F1){ref-type="fig"}). Large cell makes up a small component of NSCLC; there are several mixed or \"other\" histologic variations ([@A3]). Adenocarcinoma is the most common histologic subtype in American men and women; although it is correlated with cigarette smoking, it is also the most common histologic subtype in nonsmokers with NSCLC ([@A10]). Squamous cell carcinoma is most strongly associated with smoking cigarettes; therefore, these lesions tend to be centralized on imaging studies, where the smoke is most concentrated when inhaled.

When evaluating a pathology report for suspected lung cancer, it is important to understand the immunohistochemical (IHC) staining pattern applied by the pathologist to determine not only the origin of the tumor but also the histologic subtype. In the case of KB, she is a current smoker but also female and quite young. Therefore, it is necessary to rule out other origins, most importantly the possibility of breast cancer.

Pathologists stain the cells for numerous markers to detect these differences to make a diagnosis. One of the most important stains is TTF- 1. When a tumor is positive for TTF-1, it is almost always adenocarcinoma arising from the thyroid or lung. See the [Table](#T1){ref-type="fig"} below for a list of commonly used stains in NSCLC and their clinical applications and Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} for a look at how these stains alter the view of the cells.

![Immunohistochemial Staining in Non--Small Cell Lung Cancer](jadp-08-173-g01){#T1}

KB's tumor tests negative for estrogen receptor (ER) and progesterone receptor (PR), decreasing the likelihood of breast cancer. Given her smoking history, imaging characteristics, and the TTF-1 and cytokeratin 7 (CK7) positivity of her staining pattern, the diagnosis is consistent with an adenocarcinoma of pulmonary origin. Since she has a nonsquamous NSCLC, she should be tested, at minimum, for epidermal growth factor receptor (EGFR), anaplastic leukemia kinase (ALK), ROS proto-oncogene 1 (ROS1), and programmed cell death ligand 1 (PD-L1; [@A6]).

MOLECULAR PATHOLOGY IN NSCLC
============================

It is feasible to test most NSCLC samples for molecular alterations or to conduct PD-L1 testing to determine the efficacy of particular immunotherapy drugs. As APs, we rely on adequate tissue samples to provide us this information. Even among experienced pathologists, there can be disagreement about the interpretation of histology ([@A1]); thus, the largest specimen that can be safely obtained will often offer optimal testing. Some caveats are small percutaneous biopsies that do not yield sufficient cellularity and bone biopsies that may be decalcified for histologic interpretation, which often renders this tissue unavailable for molecular testing ([@A11]).

As noted in Case Study 1, it is important to test for EGFR, ROS1, ALK, and PD-L1 in all patients with NSCLC who have a nonsquamous histology. Testing patients of squamous histology who may fit the clinical profile of having one of these mutations, such as a female never-smoker of Asian ethnicity, could also be considered ([@A2]). In addition, testing as part of a larger panel of mutations and genetic alterations is encouraged when possible, as it could lead to detecting other rare mutations, which may give the patient the option of participating in a clinical trial.

Another option is a blood test to detect these mutations and alterations, often referred to as a \"liquid biopsy.\" There are several companies that perform these blood tests, along with several advantages and disadvantages of this type of testing. The obvious advantage is that it can be done without an invasive procedure and usually requires only about two tubes of blood obtained during routine phlebotomy. This option is particularly attractive when looking for the *EGFR* T790M mutation (an acquired resistance mutation to EGFR) if a patient's disease is progressing on EGFR therapy. However, liquid biopsy relies on DNA shedding from the tumor into the bloodstream, which can vary. As a result, the sensitivity of liquid biopsies may vary widely ([@A8]).

Two meta-analyses that looked at the sensitivity and specificity of *EGFR* detection on liquid biopsy revealed a sensitivity of 67.4% (95% confidence interval \[CI\]: 51.7%--80%) and a specificity of 93.5% (95% CI: 88.8%--96.3%), and a sensitivity of 62%( 95% CI: 51.3%--71.6%) and a specificity of 95.9% (95% CI: 92.9%--97.7%), respectively ([@A4]; [@A9]). When evaluating for the *EGFR* T790M mutation, one study found that the sensitivity for detection in plasma was 70% in patients with a confirmed tissue diagnosis of *EGFR* T790M ([@A7]). Interestingly, of patients whose tissue tested negative for *EGFR* T790M, the blood test detected a mutation in around 30% of them.

These results highlight the fact that tumors are heterogeneous, and thus results may be missed on tissue biopsy; vice versa, if there is insufficient DNA shedding into the plasma, liquid biopsy may be falsely negative as well. Therefore, it is reasonable to start with the least invasive test of liquid biopsy. However, if the results are negative, one would proceed with a procedure for biopsy.

**Case Study 2**

JO is a 58-year-old male working per diem jobs without insurance who rarely goes to the doctor. He is a pack-a-day smoker. He developed a cold with a wheeze that did not improve with over-the-counter medications. He presented to the emergency department, and his CXR is shown in [Figure 4](#F4){ref-type="fig"}.

![Histologic subtypes of non--small cell lung cancer: Percentage in men, US 2004--2009. Information from Houston et al. ([@A3]).](jadp-08-173-g02){#F1}

![Pulmonary adenocarcinoma. CK = cytokeratin; TTF-1 = thyroid transcription factor-1. Images courtesy of Dr. Leslie Litzky, University of Pennsylvania.](jadp-08-173-g03){#F2}

![Squamous cell carcinoma. Typical immunohistochemical profile: cytokeratin (CK)5/6; p63 (crisp nuclear staining); calretinin-positive; thyroid transcription factor-1--negative. Images courtesy of Dr. Leslie Litzky, University of Pennsylvania.](jadp-08-173-g04){#F3}

![Chest x-ray of patient in Case Study 2.](jadp-08-173-g05){#F4}

RADIOLOGIC INTERPRETATION
=========================

A chest x-ray is often the first, easiest, and most inexpensive diagnostic test used in NSCLC for evaluating for any abnormality, whether it is a tumor, pneumonia, pleural effusion, or something else. JO was found to have a right lower-lobe mass. Normal CXRs, as seen in [Figure 5](#F5){ref-type="fig"}, will reveal open airspaces, a normal-sized heart overlapping part of the left lower lobe of the lung, a normal (not widened) mediastinum, and both of the costophrenic angles sharp (coming to a point). There should be a posteroanterior (PA) view and a lateral view, always shot from the left side, with the patient facing the machine. The patient should be at full inspiration, with arms above the head on the lateral view.

![Posteroanterior (left) and lateral (always left-sided; right) views of chest x-ray of patient in Case Study 2.](jadp-08-173-g06){#F5}

A CXR can show obvious changes but may not detect very small abnormalities. [Figure 6](#F6){ref-type="fig"} is an example of a large left upper-lobe mass. Note the solid, round component with some corresponding atelectasis in the left lower lobe. Conversely, in [Figure 7](#F7){ref-type="fig"}, this is more likely an airspace disease such as a pneumonia; note the patchy consolidative appearance. [Figure 8](#F8){ref-type="fig"} shows a patient with a bilateral pleural effusion, with the right side greater than the left side. Note the look of the right costophrenic angle; it is blunted with fluid prior to drainage and then sharply seen after fluid has been drained.

![Chest x-ray shows a mass in the left upper lobe (arrow).](jadp-08-173-g07){#F6}

![Chest x-ray shows pneumonia.](jadp-08-173-g08){#F7}

![Chest x-rays show right-sided pleural effusion (left) and the same patient 1 day after drainage (right).](jadp-08-173-g09){#F8}

**Case Study 2 Continued**

JO undergoes a computed tomography (CT) of the chest, which reveals a large right lower-lobe mass that is causing narrowing of his airways. He also has a right hilar lymph node, enlarged mediastinal lymph nodes, and a thickened adrenal gland. Positron-emission tomography (PET)/CT confirms the avidity of these lesions from the fluorodeoxyglucose (FDG) dye.

A CT scan is the most commonly used test for diagnosis, surveillance, and evaluation of disease response to treatment of NSCLC. Clinicians usually look at the horizontal CT images. There are also several views, such as the lung windows, chest/abdomen windows, and bone windows, which help to show different structures in different ways.

The lung windows, an example of which is shown in JO's scan in Figure 9, show the lung parenchyma, which is most helpful to see a primary tumor or any tumor within the lung tissue itself. Most of the tiny white spots that canvas both lungs are the microvasculature of the lungs. Also seen in [Figure 9](#F9){ref-type="fig"} is how the large tumor is pinching off the larger right lower-lobe airways, putting the patient at risk for shortness of breath and pneumonia.

![CT lung window shows the lung parenchyma](jadp-08-173-g10){#F9}

The chest/abdomen windows are most helpful to evaluate for lymphadenopathy, especially when IV contrast has been administered properly. In [Figure 10](#F10){ref-type="fig"}, there is an enlarged right hilar lymph node, and in [Figure 11](#F11){ref-type="fig"}, there is an enlarged mediastinal lymph node. Note that [Figure 12](#F12){ref-type="fig"} shows how a normal mediastinum should look in a healthy individual.

![CT chest/abdomen window shows the enlarged right hilar lymph node.](jadp-08-173-g11){#F10}

![CT scan shows a large, 2.5-cm malignant mediastinal lymph node (arrow).](jadp-08-173-g12){#F11}

![CT scan shows a normal-looking mediastinum.](jadp-08-173-g13){#F12}

Also, the chest-abdomen windows are best to view the liver and structures in the upper abdomen on a CT chest scan. In [Figure 13](#F13){ref-type="fig"}, the liver appears to be clear, but the adrenal gland on the right side is thickened and enlarged. If this patient could not receive IV contrast, the liver would appear homogenous and would be difficult to evaluate for metastases, hence the importance of ordering CT scans with contrast.

![CT image shows the liver, which appears to be clear, but the adrenal gland is thickened and enlarged on the right side.](jadp-08-173-g14){#F13}

Positron-emission tomography is commonly used in combination with CT scanning as a fusion study to evaluate abnormalities found on the CT scan to see whether they uptake FDG. The scan is usually ordered from the skull base to the mid-thigh, except for patients with melanoma, where a whole-body PET/CT is indicated. The FDG uptake is reported on a scale by a radiologist; the higher the number is, the more suspicious the lesion is for cancer. For example, [Figure 14](#F14){ref-type="fig"} shows the thickened right adrenal gland from JO's CT scan. Of note is the intensity of the FDG dye in the left adrenal gland, which was not noted to be abnormal on the CT scan. This highlights the importance of PET/CT imaging in detecting sometimes inconspicuous findings from routine CT imaging.

![PET fusion image shows the thickened right adrenal gland from the CT scan of the patient in Case Study 2 and the intensity of the FDG dye in the left adrenal gland.](jadp-08-173-g15){#F14}

**Case Study 1 Continued**

Our first patient KB is found to have an *ALK* gene translocation in her tumor. She begins therapy with crizotinib (Xalkori), an oral tyrosine kinase inhibitor that targets *ALK*. After about 3 weeks from starting crizotinib, she calls the nurse practitioner and reports a new onset of significant shortness of breath and cough without mucus. She comes into the office and has a CT chest done to evaluate the potential cause. [Figure 15](#F15){ref-type="fig"} shows the CT scan prior to her starting treatment with crizotinib (at left) and the CT scan done in the office 3 weeks after starting the drug (at right).

![The CT scan on the left was taken prior to starting treatment with crizotinib. The CT scan on the right is an example of pneumonitis occurring 3 weeks after starting crizotinib.](jadp-08-173-g16){#F15}

COMMON CT ABNORMALITIES IN NSCLC
================================

Pneumonitis, also sometimes called interstitial lung disease (ILD), is an inflammation of the lung tissue often caused by drug toxicity. The scan on the right of [Figure 15](#F15){ref-type="fig"} is an example of pneumonitis occurring 3 weeks after starting crizotinib. The bilateral effect on the lungs indicates a systemic process. Furthermore, the cloud-like, patchy, and widely disseminated appearance without consolidation indicates drug toxicity rather than diffuse, bilateral pneumonia.

Pleural effusion is also a common occurrence in patients with NSCLC. [Figure 16](#F16){ref-type="fig"} shows a left-sided CT image of a pleural effusion. It can be noted that the appearance of the CT image of the effusion differs from the way it looks on the CXR views.

![CT scan of the chest (left) shows pleural effusion. Chest x-rays done on the same day as the CT scan, predrainage (middle) and postdrainage (right).](jadp-08-173-g17){#F16}

Pulmonary embolism (PE) is another common complication in patients with NSCLC. For the untrained eye, it can be very difficult to find. Most often, APs will need to rely on the radiologist to make this call. It is best seen on a CT scan with IV contrast, when the scan is specifically ordered as a PE protocol, where the technician will time the contrast precisely and perform numerous, very thin slices of vasculature. [Figure 17](#F17){ref-type="fig"} is a sagittal image from a CT scan showing the filling defect of a vessel indicating a PE. [Figure 18](#F18){ref-type="fig"} illustrates PE as seen in vessels in the horizontal slides of a CT scan. When PE is suspected, it's recommended that APs evaluate images and call the radiologist to confirm the existence or absence of PE.

![CT scan shows pulmonary embolism.](jadp-08-173-g18){#F17}

![Pulmonary embolism as seen in the vessels in the horizontal slides of the CT scan.](jadp-08-173-g19){#F18}

Radiation pneumonitis is an inflammation of lung tissue occurring after a period following the completion of radiation therapy. It is a reaction to the radiation and follows in the same field as the radiation was administered. [Figure 19](#F19){ref-type="fig"} shows a patient who had a large part of the right lung radiated and the mediastinum radiation. The linear appearance in the right lung can be seen, with most of the lung clear, and only the small area within the radiation field of the right lung affected.

![CT scan shows a large part of the radiated right lung and the mediastinum radiation.](jadp-08-173-g20){#F19}

CONCLUSIONS
===========

Advanced practitioners are often required to order diagnostic tests, including either diagnostic or liquid biopsies, molecular testing on pathology specimens, and a variety of other diagnostic imaging tests. Different biopsy methods carry their respective risks; it is important for APs to be able to explain to patients the risks and benefits of the different biopsy techniques and the yield for molecular testing. In addition, APs must also be able to explain to their patients the reasons for ordering biopsy and molecular testing procedures.

An understanding of proper ordering procedures for diagnostic imaging is also required. A knowledge of the way the contrast is ordered, the proper protocols to follow, and other variables will ensure patients receive the correct test that yields clinically appropriate results. Practicing reading CXRs, CT scans, and PET/CT scans can help APs become familiar with the anatomy and abnormalities as they are presented. As oncology becomes a more specialized field, with more targeted treatments with different toxicity profiles, oncology APs must stay educated on proper diagnostic testing.
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